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Multilayer Inductor with Shielding Plane 
background 

An integrated circuit (IC) package may include electrical components designed to 
improve one or more functions of the IC package. For example, an IC package may include 
embedded or surface-mounted capacitors for reducing resonance between the IC package 
and a substrate on which the package is mounted. An IC package may also or alternatively 
include integrated inductors. Integrated inductors may be used to improve the quality of 
signals carried by the IC package. 

An integrated inductor may be used in an IC package or in other types of devices. 
The usefulness of an integrated inductor in a particular design may depend on the inductance 
of the inductor as well as on the geometrical dimensions of the inductor. Such dimensions 
include, for example, the total trace length, the trace width, and the spacing between traces. 
It is often desirable to increase the inductance, and therefore the Quality Factor (Q), of an 
integrated inductor for a given set of geometric constraints. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional side view of an inductor according to some embodiments. 

FIG. 2A is a view of an IC package layer according to some embodiments. 

FIG. 2B is a view of an IC package layer according to some embodiments. 

FIG. 3 is a perspective cutaway view of a multilayer inductor according to some 
20 embodiments. 

FIG. 4A is a view of an IC package layer according to some embodiments. 

FIG. 4B is a view of an IC package layer according to some embodiments. 

FIG. 5 is a perspective cutaway view of a multilayer inductor according to some 
embodiments. 
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FIG. 6 is a side elevational view of an IC die and IC package according to some 
embodiments. 

FIG. 7 is a side elevational view of a system according to some embodiments. 

DETAILED DESCRIPTION 

5 FIG. 1 is a cross-sectional side view of a portion of device 1 according to some 

embodiments. Device 1 may comprise an IC package suitable for receiving an IC die and 
for electrically coupling the IC die to external components/circuitry. Device 1 may 
comprise a multilayer substrate composed of any ceramic, organic, and/or other suitable 
material. 

10 Device 1 includes inductor 10. Inductor 10 may comprise a spiral turn inductor and 

may be composed of any suitable conductive material, including but not limited to copper. 
Inductor 10 comprises first portion 12, via portion 14, and second portion 16. Via portion 
14 electrically couples first portion 12 to second portion 14. Two or more of portions 12, 14 
and 16 may be integral with one another. A pin-through hole couples first portion 12 to 

15 second portion 16 in some embodiments. 

First portion 12 is disposed in layer 20 of device 1, and second portion 16 is disposed 
in layer 30 of device 1 . Unshown elements may disposed in layer 20 and/or layer 30, 
including conductive traces and dielectric material. Moreover, one or more layers may 
reside on layer 20 and/or layer 30. Each of these unshown layers may comprise conductive 
20 traces for routing signals within device 1, dielectric material, and/or other elements. 

Shielding plane 40 is disposed between first portion 12 and second portion 16. In 
some embodiments, shielding plane 40 is a ground plane. Device 1 may comprise one or 
more ground planes. In this regard, inductor 10 may comprise a third portion that is 
disposed in an unshown third layer of device 1 and is coupled to second portion 16. A 
25 second shielding plane may be disposed between the third portion and second portion 16. 
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Some embodiments may reduce a mutual inductance between different portions of 
inductor 10 with respect to conventional designs, which in turn may increase the inductance 
and the Q of inductor 1 0. 

Dielectric 50 is disposed between first portion 12 and shielding plane 40. Dielectric 
5 60 is similarly disposed between second portion 16 and shielding plane 40. Dielectric 50 
and/or dielectric 60 may be composed of any suitable material, including but not limited to 
bismalemide triazine (BT) and FR4 in some embodiments. 

According to some embodiments, device 1 is manufactured by fabricating layer 30 
including portion 16 of inductor 10, fabricating shielding plane 40 above layer 30, and 

10 fabricating layer 20 including portion 12 above shielding plane 40. Shielding plane 40 

according to these embodiments comprises a coupling to electrically couple portion 16 to the 
portion 12. This coupling may comprise a via such as via portion 14, a pin-through hole, or 
another suitable coupling that does not directly contact shielding plane 40. In some 
embodiments, a second shielding plane is fabricated above the third layer, and a fifth layer 

15 including a third portion of inductor 10 is fabricated above the fourth layer. The second 

shielding layer may comprise a second coupling to electrically couple portion 12 to the third 
portion of inductor 10. 

FIG. 2 A is a view of layer 20 according to some embodiments. Inductor 10 is 
depicted as a rectangular spiral inductor with portion 12 located in layer 20. Dashed lines of 
20 FIG. 2A depict a relative position of portion 16 to portion 12. Shielding plane 40, shown by 
cutting away a portion of layer 50, is disposed between portion 16 and portion 12. 

FIG. 2B is a view of layer 30 according to the embodiment of FIG. 2 A. Dashed 
lines of FIG. 2B depict a relative position of portion 12 to portion 16. Shielding plane 40 is 
shown by cutting away a portion of layer 60 that is adjacent to the portion of layer 50 shown 
25 cut away in FIG. 2 A. Again, shielding plane 40 is disposed between portion 16 and portion 
12. 

FIG. 3 is a perspective cutaway view of inductor 10 according to some embodiments. 
Inductor 10 of FIG. 3 is a rectangular spiral inductor. FIG. 3 shows only portions 12, 14 and 
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16 of inductor 10 along with a cross-sectional portion of shielding plane 40 in which via 
portions 14 reside. Other elements of device 1 as illustrated in FIG. 1 5 FIG. 2 A and FIG. 2B 
are omitted for clarity. Embodiments may include none, some, or all of these elements. 

FIG. 4A is a view of layer 20 according to some embodiments in which inductor 10 
5 is a circular spiral inductor with portion 12 located in layer 20. A relative position of 
portion 16 with respect to portion 12 is depicted by dashed lines. Shielding plane 40 is 
disposed between portion 16 and portion 12, as shown by the cut away portion of layer 50. 

FIG. 4B is a view of layer 30 according to the embodiment of FIG. 4A. Dashed 
lines of FIG. 4B depict a relative position of portion 12 with respect to portion 16. The cut 
10 away portion of layer 60 is adjacent to the portion of layer 50 shown cut away in FIG. 4A. 
Shielding plane 40 is disposed between portion 16 and portion 12. 

The arrows of FIG. 2 A, FIG. 2B, FIG. 4A, and FIG. 4B depict current flow through 
inductor 10 according to some embodiments. As shown, shielding plane 40 may separate 
portions of inductor 1 0 in which current flows in one direction from portions in which 
15 current flows in an opposite direction. An arrangement of inductor 10 according to some 
embodiments may reduce mutual inductance between different portions of inductor 10. 
Such a reduction may increase the inductance and the Q of inductor 10 with respect to 
conventional designs. 

FIG. 5 is a perspective cutaway view of inductor 10 according to some embodiments. 
20 As described with respect to FIG. 3, inductor 10 as shown in FIG. 5 includes only portions 
12, 14 and 16 of inductor 10 along with a cross-sectional portion of shielding plane 40 in 
which via portions 14 reside. Also shown in FIG. 5 are terminals 70 and 75 for connecting 
inductor 10 to external circuitry. 

FIG. 6 is a side elevational view of system 80 according to some embodiments. 
25 System 80 includes IC die 90 and device 1. IC die 90 includes integrated electrical devices 
and may be fabricated using any suitable material and fabrication techniques. IC die 90 may 
provide one or more functions. In some embodiments, IC die 90 comprises a chipset having 
a silicon substrate and suitable for wireless communication platforms. 
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Electrical contacts 95 are coupled to IC die 90 and may comprise Controlled 
Collapse Chip Connect (C4) solder bumps. Electrical contacts 95 may be electrically 
coupled to the electrical devices that are integrated into IC die 90. The electrical devices 
may reside between a substrate of IC die 90 and electrical contacts 95 in a "flip-chip" 
5 arrangement. In some embodiments, such a substrate resides between the electrical devices 
and electrical contacts 95. 

Electrical contacts 55 are also coupled to electrical contacts (not shown) of device 1, 
which comprises an IC package. In some embodiments, die 90 is electrically coupled to 
device 1 via wirebonds in addition to or as an alternative to electrical contacts 95. Device 1 
10 is coupled to solder balls 100 for carrying power and I/O signals between IC die 90 and 
external devices. For example, solder balls 65 may be mounted directly to a motherboard 
(not shown) or onto an interposer that is in turn mounted directly to a motherboard. 
Alternative interconnects such as through-hole pins may be used instead of solder balls 95 to 
mount system 80 to a motherboard, a socket, or another substrate. 

15 FIG. 7 is a side elevation of system 200 according to some embodiments. System 

200 includes system 80 of FIG. 6, system 210, motherboard 220, and memory 230. System 
80 may comprise a chipset and system 210 may comprise a microprocessor compatible with 
system 80. Memory 230 may comprise any type of memory for storing data, such as a 
Single Data Rate Random Access Memory, a Double Data Rate Random Access Memory, 

20 or a Programmable Read Only Memory. 

Motherboard 220 may electrically couple memory 230 to device 1 and to IC die 90. 
More particularly, motherboard 220 may comprise a memory bus (not shown) that is 
electrically coupled to solder balls 100 and to memory 230. Accordingly, device 1 may 
operate to transmit data between IC die 90 and memory 230. 

25 The several embodiments described herein are solely for the purpose of illustration. 

Embodiments may include any currently or hereafter-known versions of the elements 
described herein. Therefore, persons skilled in the art will recognize from this description 
that other embodiments may be practiced with various modifications and alterations. 
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